Metabotropic glutamate 2/3 receptors (mGluR2/3) are emerging targets for the reduction of stress that contributes to drug relapse. The effect of a history of cocaine escalation on stress reactivity during abstinence and the role of mGlu2/3 receptors in stress in these animals were tested. Experiment 1FRats trained to self-administer cocaine, under short (ShA, 1-h) or long (LgA, 6-h) access conditions, or noncaloric food pellets (Ctrl, 1-h), were tested for stress reactivity in the shock-probe defensive burying test following 1, 14, 42, or 84 days of abstinence. Experiment 2FExperimentally naive rats receiving the mGlu2/3 receptor agonist LY379268 (0, 0.3, 1.0, or 3.0 mg/kg) were tested in the defensive burying test to establish the anxiolytic efficacy of this compound in this model. Experiment 3FRats with a history of ShA vs LgA cocaine self-administration, or a history of operant responding reinforced by noncaloric food pellets, were tested in the defensive burying test, following administration of LY379268 (0.3, 1.0, or 3.0 mg/kg) at 14 days of abstinence. LgA rats exhibited a two-to threefold increase in defensive burying at 1, 14, and 42 days of abstinence compared to ShA or control animals. LY379268 (3.0 mg/kg) reduced burying in all groups, whereas the 1.0-mg/kg dose reduced burying only in the LgA group. A robust and enduring increase in stress reactivity developed in rats with a history of daily 6-h access to cocaine. The anxiolytic-like effects of LY379268 identify mGlu2/3 receptors as targets for ameliorating stress-associated relapse risk, and point toward the possibility that a history of cocaine escalation in rats may modify glutamatergic function.
INTRODUCTION
Termination of cocaine use in addicts is associated with heightened susceptibility to stress, which is ameliorated by resumption of drug use (Sinha, 2001) . Heightened stress in abstinent cocaine users is associated with increased drug craving (Fox et al, 2005; Sinha, 2001) , and exposure to acute stress during abstinence reliably elicits cocaine seeking in animal models of relapse (Erb et al, 1996 (Erb et al, , 2001 Sorge and Stewart, 2005) . Moreover, stress contributes to the development of sensitization to cocaine (Post and Rose, 1976; Prasad et al, 1995; Meaney et al, 2002) and amphetamine (Antelman et al, 1980) . Thus, stress is a significant risk factor in both the initiation of drug taking in drug-naive subjects, and relapse to drug use in abstinent cocaine addicts. Given that stress is a major risk factor for relapse, pharmacotherapies with anxiety-reducing actions may be beneficial in reducing relapse rates.
A promising target for the development of agents with anxiolytic-like effects is the group II family of metabotropic glutamate receptors (mGluRs), comprised of the mGluR2 and mGluR3 receptor subtypes. Previous studies have illustrated anxiolytic-like effects for the selective mGlu2/3 receptor agonist LY354740Fan agent that functionally reduces glutamatergic transmissionFin the elevated plus maze test (Linden et al, 2005a) . Also, the mGlu2/3 receptor agonist LY379268 has been shown to attenuate platform stress-evoked norepinephrine release in the medial prefrontal cortex (PFC) (Lorrain et al, 2005) . The significance of group II mGluRs in mediating these 'antistress' effects is supported by the finding that the anxiolytic-like effects of LY354740 in the elevated plus maze are not observed in mGluR2 or mGluR3 knockout mice (Linden et al, 2005a) .
Drug addiction is a chronically relapsing disorder. Recent animal studies have indicated pharmacotherapeutic potential of the mGlu2/3 receptor agonist LY379268 in treating relapse risk associated with cocaine (Peters and Kalivas, 2006; Adewale et al, 2006) , drug-associated stimuli (Baptista et al, 2004; Bossert et al, 2004 Bossert et al, , 2006 Zhao et al, 2006) , and stressful stimuli (Zhao et al, 2006) . However, an important question is to what extent chronic drug use induces increased susceptibility to stress and thereby contributes to the maintenance or resumption of drug use. There is evidence that a history of chronic cocaine exposure increases stress reactivity during abstinence in both humans (Breese et al, 2005; Fox et al, 2005) and rats (Mutschler and Miczek, 1998a; Basso et al, 1999; Harris et al, 2001 ) that may contribute to relapse associated with stress. Previous studies have shown that subchronic noncontingent administration of cocaine produces stress-like effects as measured in the defensive burying test (Basso et al, 1999; Harris et al, 2001) . However, it is not known whether chronic cocaine selfadministration produces a similar elevation in stress reactivity and, more importantly, whether a history of escalated cocaine self-administration (ie a model of cocaine addiction; Ahmed and Koob, 1998) further exacerbates stress reactivity.
Self-administration of cocaine (Bozarth and Wise, 1985; Johanson et al, 1976) or amphetamine (Yokel and Pickens, 1973) , when conducted under unlimited access conditions, leads to an upregulation of drug intake. Particularly, in the 'escalation' model of dependence, rats receiving long daily access (LgA) to cocaine (typically 6 h) show a progressive increase in daily drug intake over time (escalation), and show an upward shift in the cocaine dose-effect function Koob, 1998, 1999 ) that reflects a shift in the hedonic set point (ie the need for markedly increased amounts of the substance to achieve the desired effect). Following termination of extended daily access to drug, cocaine-escalated rats suffer long-lasting reward deficitsFreflected by increased brain stimulation reward thresholds (Ahmed et al, 2002) Fthat may be analogous to depression and dysphoria that accompany withdrawal in cocaine addicts (eg Markou and Koob, 1991) . Moreover, these animals, in the case of heroin, exhibit heightened susceptibility to stress-induced relapse (Ahmed et al, 2000) . Thus, the escalation model provides an opportunity to study the behavioral and neurobiological effects of cocaine under conditions that mimic the consequences of chronic cocaine abuse in humans.
The purpose of the present investigation was to (1) examine the long-term effects on stress reactivity in rats with and without a history of escalated cocaine selfadministration at increasing delays following termination of access to cocaine and (2) evaluate the anxiolytic-like effects of LY379268 in rats with different histories of cocaine self-administration. Stress reactivity was measured using the shock-probe defensive burying test (Pinel and Treit, 1978) in which the primary index of stress or anxiety is the duration spent by rats burying an electrified probe, with increased burying time providing a measure of elevated stress reactivity or anxiety. Clinically effective anxiolytic agents such as diazepam, chlordiazepoxide, and buspirone attenuate levels of defensive burying (De Boer and Koolhaas, 2003) , suggesting that this test is a useful tool for evaluating the anxiolytic potential of novel agents. Burying tests were conducted 1, 14, 42, or 84 days following termination of access to cocaine. Rats trained to selfadminister noncaloric food pellets or cocaine under nonescalation conditions served as controls. The anxiolytic profile of LY379268 on shock probe-induced defensive burying was measured at a single time point (14 days) following discontinuation of access to cocaine or food pellet reinforcers. Additionally, the effects of LY379268 on defensive burying were examined in rats without a history of either drug or food reinforcement to control for any potential effects of reinforcement history.
MATERIALS AND METHODS

Subjects
Male Wistar rats (Charles River, Wilmington, MA), weighing 200-250 g on arrival, were housed in groups of 2-3 on a 12-h (lights off at 0800) light/dark cycle in a temperatureand humidity-controlled vivarium. Food and water were available ad libitum except during the food training sessions conducted before catheter implantation. All behavioral training and testing sessions were initiated during the rats' dark cycle. All procedures were conducted in strict adherence to the National Institutes of Health Guide for the Care and Use of Laboratory Animals.
Self-Administration Apparatus
Cocaine self-administration was conducted in standard 29 Â 24 Â 19.5 cm operant conditioning chambers located inside ventilated sound-attenuating cubicles (BRS/LVE Inc., Laurel, MD), modified for intravenous self-administration as previously described (Weiss et al, 2000) . All chambers were equipped with two retractable levers located 6 cm above the grid floor. A white cue light (24 W) was positioned 4 cm above each lever. Intravenous infusions were administered by an automated syringe pump (Harvard Apparatus, Holliston, MA) located outside the soundattenuating cubicles. Syringes (10 ml) were connected via Tygon tubing and a cannula connector (C3136, Plastics One, Roanoke, VA) to a chronic jugular catheter on the rats' backs. Testing equipment and data collection were controlled by an IBM-compatible microcomputer.
Defensive Burying Apparatus
A standard polycarbonate cage (43 Â 20 Â 20 cm) containing a 5-cm layer of bedding material (wood shavings) was used. For testing, an electrical shock probe (Staco Energy Products, Dayton, OH) was inserted through a small diameter opening (2 cm) located 2.5 cm above the bedding in the center of the chamber's long side. The probe protruded 6.5 cm into the cage and was connected to a Coulbourn precision shocker (model E13-01, Allentown, PA), calibrated to deliver 1.5 mA of shock when contacted.
Drugs
Cocaine hydrochloride (National Institute on Drug Abuse, Bethesda, MD) was dissolved in sterile physiological saline to a concentration of 2.5 mg/ml. LY379268 (provided by Dr D Shoepp, Eli Lilly) was dissolved in sterile water to a concentration of 0.3, 1.0, or 3.0 mg/ml (weight of salt).
Experiment 1FDefensive burying during abstinence from short or long access to cocaine.
Cocaine escalation increases stress H Aujla et al Cocaine Self-Administration Rats (n ¼ 73) were transiently placed under food restriction (Purina chow 15 g/d) and trained to lever press for 45-mg noncaloric cellulose pellets (Research Diets, New Brunswick, NJ) under a fixed-ratio (FR) 1 schedule until a criterion of at least 60 pellets/session was reached for three consecutive 1-h sessions. A time-out (TO) period of 20 s, signaled by the illumination of a cue light located above the active lever, then was introduced. During the time-out period the lever remained inactive in preparation for later cocaine self-administration training where inactivation of the lever served to prevent accidental overdosing. Training continued under these contingencies until subjects reached a criterion of at least 60 pellets/session for two consecutive 1-h sessions.
Upon completion of food training, animals were returned to ad libitum feeding. Rats assigned to the short access (ShA; n ¼ 25) and long access (LgA; n ¼ 23) cocaine conditions were surgically prepared with indwelling silastic catheters in the right jugular vein under 1.5-2% isoflurane anesthesia as described previously (Caine and Koob, 1993) . Catheter patency was maintained throughout the experiment by flushing with 0.1 ml of sterile saline solution containing 33.3 USP units/ml of heparin before and after each self-administration session.
Cocaine self-administration training began after 7-10 days of recovery in daily 1-h sessions. These sessions were initiated by extension of both the active and inactive levers. Responses at the active lever were reinforced under an FR1 schedule (with a 20-s cue light-signaled time-out) by an intravenous injection of cocaine (0.25 mg per injection) delivered over a 4-s period in a volume of 0.1 ml. Responses at the inactive lever were recorded but had no scheduled consequences. Training continued until criterion performance (±10% over three consecutive sessions) was reached. Upon completion, rats were divided into two groups receiving either limited or long access to cocaine during the subsequent 'escalation' phase.
Escalation
Animals in the ShA group (n ¼ 25) continued to receive daily access to cocaine in 1-h sessions under an FR1 TO 20-s schedule. Rats in the LgA group (n ¼ 23) received daily access to cocaine in 6-h sessions under otherwise identical reinforcement contingencies as the ShA group. Self-administration under these conditions was conducted daily until completion of 22 sessions.
Cocaine-Naive Controls (Ctrl)
After acquisition of food-reinforced responding and being returned to ad libitum feeding, rats (n ¼ 25) continued to receive response-contingent access to 45 mg noncaloric cellulose pellets under an FR1 TO 20-s schedule in daily 1 h sessions.
Defensive Burying
Each of the three treatment groups (ShA, LgA, and Ctrl) was subdivided into four groups for testing either 1, 14, 42, or 84 days following termination of access to cocaine or food pellets. Rats were habituated to the testing environment and defensive burying apparatus (without insertion of the shock probe) on 2 consecutive days for a total of 5 h in the presence of white noise (70 dB; Realistic sound amplifier, model SA-10). On the third day, each animal was subjected to a 10-min test in the defensive burying apparatus under conditions identical to the habituation sessions, except for the introduction of the electrified probe. Upon contact with the probe and shock delivery (o1 s), verified by a startle response, the probe was deactivated and subsequent burying behavior was recorded by video camera for later scoring. Bedding was changed and the cage washed between tests. Video footage for each animal was later scored for the duration of (1) burying, (2) freezing, defined as rigid immobile posture, (3) ambulation, and (4) rearing. In addition, shock reactivity was scored on a four-point scale (Pesold and Treit, 1992) , based on the startle response exhibited by the rat upon first contact with the electrified probe. The shock reactivity scale included the following measures: (1) flinch involving only the forepaw or head; (2) whole body flinch without ambulation away from the shock probe; (3) whole body flinch and/or jumping with ambulation away from the shock probe; and (4) whole body flinch and/or jumping followed by running to the opposite side of the test cage. This measure provides an index of the amount of pain produced by contact with the probe, a parameter that may influence burying behavior.
Experiment 2FThe effects of LY379268 on defensive burying in naive animals.
Rats (n ¼ 38) were treated subcutaneously with LY379268 doses of 0 (n ¼ 9), 0.3 mg/kg (n ¼ 10), 1.0 mg/kg (n ¼ 10), or 3.0 mg/kg (n ¼ 9), 30 min before defensive burying sessions. All procedures for defensive burying habituation and test sessions were identical to those in Experiment 1.
Experiment 3FThe effect of LY9268 on defensive burying in LgA, ShA, and Ctrl rats at 14 days of following the last self-administration session.
Cocaine Self-Administration
Rats (n ¼ 75) received cocaine self-administration training and daily access to cocaine under the LgA (n ¼ 26), ShA (n ¼ 26), and Ctrl (n ¼ 23) conditions, following the same protocol as in Experiment 1. A 2-week drug-free period elapsed before the defensive burying test.
Defensive Burying
Rats in each drug-history group were treated with 0.3 mg/ kg. (LgA: n ¼ 11; ShA: n ¼ 10; Ctrl: n ¼ 11), 1.0 mg/kg (LgA: n ¼ 9; ShA: n ¼ 9; Ctrl: n ¼ 6), or 3.0 mg/kg (LgA: n ¼ 6; ShA: n ¼ 7: Ctrl: n ¼ 6) of LY379268 subcutaneously 30 min before onset of defensive burying sessions. All habituation and test procedures were identical to those described in Experiment 1.
Statistical Analysis
Differences between the first and last self-administration session for each treatment group were analyzed via a paired t-test. Differences in cocaine-reinforced responding Cocaine escalation increases stress H Aujla et al between the ShA and the LgA group were analyzed using a two-way mixed-factorial analysis of variance, with drug history as the between-subjects factor and self-administration session as the within-subjects factor, followed by Newman-Keuls post hoc tests to verify differences among individual means. Tests of normality using Wilkes-Shapiro analysis (W ¼ 0.7943, po0.05) as well as tests for homogeneity of variance using Bartlett's test (K 2 ¼ 6.6012, po0.05) revealed that the defensive burying data violated these assumptions. These data were therefore analyzed by nonparametric Kruskal-Wallis one-way tests for each time point (Experiment 1) or dose of LY379268 (Experiment 3) to evaluate differences among the Ctrl, ShA, and LgA groups. Similarly, a Kruskal-Wallis one-way test was used to evaluate the dose-effect function for LY379268 on defensive burying in Experiment 2. Significant omnibus tests were followed by Mann-Whitney U pairwise comparisons to verify between-group differences. Shock reactivity scores were ordinal data and therefore analyzed using Kruskal-Wallis one-way tests followed by Mann-Whitney U pairwise comparisons where appropriate for all experiments.
RESULTS
Experiment 1
Self-administration. Extending daily access to 6 h in the LgA group resulted in progressively increasing cocaine selfadministration with a significant difference between the last and first self-administration session in terms of both total (t 22 ¼ 2.47; po0.05) and first-hour (t 22 ¼ 2.53; po0.05) cocaine intake (Figure 1 ). In contrast, no difference between the first and last self-administration session was observed in the sha and ctrl groups (Figure 1) . Moreover, scrutiny of the time course of responding during the escalation period revealed a significant increase only in the LgA group that was significant for the total session length, beginning at session 6 (po0.05) and for the total session as well as first-hour intake beginning at session 9 compared to the first session (Figure 1 inset, Newman-Keuls post hoc test after significant session Â access group interaction: F 3,63 ¼ 9.34; po0.05).
Defensive burying. Overall, burying time in the shock-probe test was significantly increased in rats of the LgA group compared to both the ShA and Ctrl groups (Figure 2 ). This increase in burying time was confirmed by Kruskal-Wallis tests with significant group effects at the 1 (H 2,18 ¼ 5.93, po0.05), 14 (H 2,18 ¼ 8.06, po0.05), and 42 (H 2,17 ¼ 7.16, po0.05) day time points, but not at the 84 day time point (Figure 2) . Mann-Whitney U pairwise comparisons revealed that at day 1 of abstinence, LgA rats exhibited increased burying compared to the ShA (U ¼ 6, po0.05) and Ctrl (U ¼ 5, po0.05) groups, while the ShA and Ctrl groups did not differ from one another. Similarly, at 14 days of abstinence, LgA rats showed increased burying compared to ShA rats (U ¼ 5, po0.05) and Ctrl (U ¼ 3, po0.05) without differences between the latter two groups. The same pattern of effects was observed at 42 days of abstinence, with significant differences between LgA and ShA rats (U ¼ 2, po0.05) as well as between LgA and Ctrl rats (U ¼ 3, po0.05), again with no differences between the ShA and Ctrl groups.
Other behavioral measures. No significant effects were observed for freezing, shock reactivity, ambulation, or rearing in the LgA group vs the ShA and Ctrl groups at any time point. In addition, no differences in these behaviors were observed between ShA and Ctrl groups at any time point (data not shown).
Experiment 2
Burying duration. Significant Kruskal-Wallis test (H 3,38 ¼ 12.14, po0.05) revealed an effect of LY379268 on burying duration (Figure 3 ). Mann-Whitney U pairwise comparisons confirmed that a reduction in burying was observed at the 3.0 mg/kg (U ¼ 3, po0.05) but not at the 0.3 or 1.0 mg/kg dose of LY379268 vs vehicle. Figure 1 Number of lever presses on the first vs last self-administration session for food control (Ctrl), short access cocaine (ShA), and long access cocaine (LgA-1 h and LgA-6 h) rats (*po0.05 with a paired t-test on first vs last self-administration session). Inset: number of lever presses on each day of self-administration corresponding to the escalation phase of the experiment for Ctrl, ShA, and LgA (1 and 6 h) rats (*po0.05 vs session 1). Figure 2 Time, in seconds, spent burying a previously electrified probe in the defensive burying test for food control (Ctrl), short access cocaine (ShA), and long access cocaine (LgA) rats at 1, 14, 42, or 84 days from the last self-administration session (*po0.05 with a Mann-Whitney U-test vs Ctrl, } po0.05 with a Mann-Whitney U-test vs ShA).
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Other behavioral measures. No significant effects were observed for freezing, shock reactivity, ambulation, or rearing in the LgA group vs the ShA and Ctrl groups at any time point. In addition, no differences in these behaviors were observed between ShA and Ctrl groups at any time point (Table 1) .
Experiment 3
Self-administration. Extending daily access to 6 h in the LgA group produced increasing cocaine self-administration with significant differences between the first and last selfadministration session in both total (t 25 ¼ 2.34; po0.05) and first-hour (t 25 ¼ 2.26; po0.05) cocaine intake (Figure 4) . No difference between the first and last self-administration sessions was observed in the ShA and Ctrl groups (Figure 4) . Increased responding during the escalation period was observed only in the LgA group and was significant for firsthour intake beginning at session 11 (po0.05) and at session 12 for total session as well as first-hour intake (po0.05) compared to intake for the first session (Figure 4 inset, Newman-Keuls post hoc test after significant session Â access condition interaction: F 3,63 ¼ 10.86; po0.05).
Burying duration. A significant drug-history group effect for burying time was confirmed by Kruskal-Wallis tests at the 0.3 mg/kg (H 2,32 ¼ 7.84, po0.05) but not at the 1.0 mg/kg or 3.0 mg/kg doses of LY379268 ( Figure 5 ).
Mann-Whitney U pairwise comparisons revealed that at the 0.3 mg/kg dose LgA rats exhibited increased burying compared to the ShA (U ¼ 2, po0.05) and Ctrl (U ¼ 4, po0.05) groups, while the ShA and Ctrl groups did not differ from one another. When examining the dose-response function collapsed across drug-history groups, Mann-Whitney U pairwise comparisons of burying behavior vs the LY329268-naive animals from Experiment 1 revealed a significant reduction in burying only at the 3.0 mg/kg (U ¼ 2, po0.05) dose, similar to that observed in Experiment 2.
DISCUSSION
The results extended understanding of the consequences of escalated cocaine intake to alterations in stress reactivity with findings that a history of cocaine escalation is associated with (1) increased shock probe-induced defen- Figure 4 Number of lever presses on the first vs last self-administration session for food control, short access cocaine (ShA), and long access cocaine (LgA-1 h, LgA-6 h) rats in (*po0.05 with a paired t-test on first vs last self-administration session). Inset: number of lever presses on each day of self-administration corresponding to the escalation phase of the experiment for Ctrl, ShA, LgA (1 and 6 h) rats (*po0.05 vs session 1).
Cocaine escalation increases stress H Aujla et al sive burying lasting up to 6 weeks following termination of drug intake and (2) sensitivity to the anxiolytic-like effects of the mGlu2/3 agonist LY379268 at a dose (1.0 mg/kg) that does not produce anxiolytic-like effects in animals with short daily cocaine access or drug-naive controls. Importantly, rats in the cocaine escalation groups did not show significantly different levels of ambulation or rearing at any abstinence time point, indicating that the increased burying behavior in these animals was not likely the result of a nonspecific increase in motor output. Furthermore, the observation that each experimental group exhibited similar startle responses upon first contact with the shock probe at all time points indicates that the increased burying in the cocaine-escalated rats was not an artifact of increased pain sensitivity. The results confirm that chronic cocaine exposure, under conditions that lead to escalating cocaine intake, produces robust and long-lasting exacerbation of stress reactivity as reflected by increased defensive burying. This effect was not seen in rats exposed to cocaine under conditions that maintain stable cocaine self-administration as illustrated by the lack of differences in defensive burying between the ShA and drug-naive control groups with a similar history of reinforcement and daily handling.
In addition to the increased duration of defensive burying observed in the LgA group, the present data show that LY379268 strongly attenuated defensive burying in the LgA group and, to a lesser extent, also decreased defensive burying in the ShA and drug-naive groups. The finding that the LgA group, but not the ShA cocaine or cocaine-naive control groups, showed a reduction in burying at the 1.0 mg/kg dose of LY379268 suggests that these animals may be more sensitive to the anxiolytic-like effects of the mGlu2/ 3 agonist. This interpretation is supported by the observation that a reduction in anxiety-like behavior by LY379268 occurred in drug-naive animals only at the 3.0 mg/kg dose. Notably, the 3.0 mg/kg dose of LY379268 produced a nearly complete suppression of defensive burying across all access conditions. Similarly, rats without any reinforcement history (Experiment 2) exhibited decreased burying only at the 3.0 mg/kg dose. Thus, drug-naive food controls and the ShA cocaine group (Experiment 3) did not differ from drug and self-administration-naive controls (Experiment 2) with respect to the anxiolytic-like effects of LY379268. Moreover, the failure to observe any differences among the cocaine-naive food control group, the ShA cocaine and LgA cocaine groups with respect to locomotor output or pain sensitivity strongly argues against the possibility that the increased defensive burying in the LgA group was the result of nonspecific sedative or motor effects. Collectively, these observations indicate that rats with a history of escalated cocaine intake (ie a history leading to increased stress sensitivity in the defensive burying test) may have been behaviorally more sensitive to the anxiolytic-like effects of LY379268 than rats with a history of limited access to cocaine or drug-naive controls. Unequivocal confirmation of this interpretation will remain, however, for future studies because differences in the baseline duration of defensive burying existed among the different treatment groups. Thus, a possible alternative interpretation for the differential effects of LY379268 in the LgA vs ShA, and drugnaive control groups is that LY379268 may have acted with greater efficiency on the higher levels of defensive burying in the LgA group, compared to the low levels of burying in the other groups.
Rats in the ShA group, unlike those in the LgA group, did not differ from drug-naive controls in the degree of defensive burying at any time point. In the case of stressrelated behavioral output, it has been shown that rats with 48-h continuous access to cocaine exhibit increased stressinduced ultrasonic vocalizations, but this effect is significantly more pronounced in yoked controls receiving noncontingent cocaine infusions (Mutschler and Miczek, 1998b) . Thus, under otherwise identical conditions, involuntary cocaine administration may produce greater stress reactivity during a drug-free period than voluntary selfadministration. This phenomenon may account for the failure of the ShA group to exhibit elevated levels of defensive burying vs drug-naive controls in the present study, although increased defensive burying has been observed in rats following 3 days (Harris et al, 2001) or 2 weeks (Basso et al, 1999) of daily noncontingent (intraperitoneal) cocaine administration. Thus, it is possible that the failure to observe increased defensive burying in the ShA group may be due, in part, to the voluntary nature of cocaine administration.
Factors independent of cocaine-induced alterations in stress sensitivity may have contributed to the absence of between-group differences in defensive burying at the 84-day withdrawal time point. While there was no statistically significant difference among groups, it is important to note that rats in the LgA group at this time point did not show a significant reduction in burying compared to any earlier time point. Thus, while it cannot be concluded that the LgA group showed elevated stress reactivity vs the ShA or drug-naive groups, one also cannot conclude that the increased stress reactivity associated with a history of long daily cocaine access had dissipated at this time point. To properly interpret the data at the 84-day withdrawal time point, it is important to note that increased Cocaine escalation increases stress H Aujla et al variability in burying (compared to earlier withdrawal intervals) was observed for all of the groups, possibly reflecting age-and size-related effects on defensive burying behavior. Specifically, at this time point the increased size of the animals, paired with the limited space available in the testing apparatus, may have shifted the probability of engaging in passive behavioral stress responses such as freezing to an active behavioral response (ie burying) since passive avoidance of the probe becomes less feasible as space decreases. Support for this interpretation comes from previous reports indicating that the size of the defensive burying chamber is inversely related to the duration of burying in rats (Pinel et al, 1980) . However, in the absence of specific controls, the contribution of age-and size-related effects to the present data remains speculative.
Evidence for changes in mGlu2/3 receptor function in animals with cocaine experience, albeit under nonescalation conditions, has been previously reported. For example, in the incubation model (Grimm et al, 2001 ), LY379268 given systemically or into the central nucleus of the amygdala (CeA) decreased cue-induced cocaine seeking 21 days but not 3 days following the termination of cocaine access (Lu et al, 2007) . While the CeA has been shown not to be involved in the control of defensive burying (Treit et al, 1993) , it does play an important role in mediating other stress-related behaviors including stress-induced reinstatement (Erb et al, 2001; Leri et al, 2002) and conditioned fear (Killcross et al, 1997) . Neuroadaptive changes in the pharmacological characteristics of mGlu2/3 receptors in the CeA may explain this differential effect of LY379268 following different periods of incubation. In a molecular study, desensitization of mGlu2/3 receptors in the nucleus accumbens and PFChas been reported in rats 3 weeks following a 1-week regimen of noncontingent cocaine administration (Xi et al, 2002) . The PFC has been implicated in the control of defensive burying Treit, 2003, 2004) , and changes in PFC mGlu2/3 function may be important with respect to the present findings. The precise implications of this finding, however, remain unclear. Escalation in the current study produced behavior consistent with increased sensitivity of mGlu2/3 receptors, whereas a desensitization of mGlu2/3 receptors was found with limited noncontingent cocaine exposure. Nonetheless, overall, these findings suggest that neuroadaptive changes occur in mGlu2/3 function up to 3 weeks following the termination of cocaine, in regions that play a role in stressrelated behaviors, including defensive burying.
The septum is a structure that is known to play an important role in the regulation of defensive burying (Menard and Treit, 2001; Treit, 2003, 2004) and that may show changes in glutamatergic function that contribute to the differential sensitivity to the effects of LY379268 on defensive burying observed in the LgA group. While this hypothesis has to date not been directly tested, some evidence may be gleaned from in vitro data. Specifically, enhanced glutamate release within the septum in slices from animals that had received 14 or 28, but not 7, days of chronic cocaine has been demonstrated (Shoji et al, 1997) . Examination of the spontaneous inhibitory postsynaptic potentials revealed that this finding was the result of the diminished effectiveness of GABA B auto-and heteroreceptors that exert inhibitory control of postsynaptic glutamate release (Shoji et al, 1997) . Moreover, evidence for a role of glutamatergic transmission, in particular, in mediating anxiety-related behaviors has been demonstrated with the finding that intra-septal infusions of the N-methyl-D-aspartate receptor antagonist CNQX attenuate defensive burying and increase open-arm exploration on the elevated plus maze (Menard and Treit, 2001) . These data reveal an important role for glutamatergic transmission in the septum specifically in defensive burying. Furthermore, a possible role for mGlu2/3 receptors is indicated by the observation that c-fos induction is increased in the septum following pharmacological manipulation of glutamate transmission with the mGlu2/3 receptor agonist LY354740 and the mGlu2/3 receptor antagonist LY341495 (Linden et al, 2005b) . Considering the present findings showing a differential effect of the anxiolytic-like effects of LY379268 in animals with differing drug histories, it will be important to determine in the future whether neuroadaptive changes in glutamatergic function occur in the septum, particularly at the level of mGlu2/3 receptors, in animals with a history of escalated cocaine intake.
The alterations in stress-reactivity in the LgA group are likely to have important implications for the initiation, maintenance, and relapse to cocaine use. Rats with a history of long (10.5 h) daily cocaine access are more susceptible to response-reinstating actions of a single noncontingent cocaine administration than rats maintained on limited (3.5 h) daily access to cocaine (Mantsch et al, 2004) . Several findings are consistent with the hypothesis that the development of escalating cocaine intake may be due, in part, to stress-related mechanisms. Daily exposure to electric foot shock in cocaine self-administering rats under 2 h limited access conditions resulted in an escalated pattern of cocaine intake over 14 sessions (Mantsch and Katz, 2006) , and exposure to social-defeat stress increased total cocaine self-administration during two 12-h binge-like sessions in rats (Covington and Miczek, 2001 ). These findings suggest that heightened sensitivity to stress as observed in the LgA group is likely to be an important factor contributing to progressive increases in the dose or amount of cocaine intake associated with cocaine addiction. The increased stress reactivity in animals with a history of cocaine escalation also has implications for vulnerability to stress-induced relapse. Stressful imagery has been reported to elicit drug craving in abstinent cocaine users (Fox et al, 2005) . Moreover, using the same procedure, an inverse relationship between stress-induced cocaine craving and time to relapse, as well as a positive relationship between stress-induced cortisol levels and drug intake, during relapse, has been reported (Sinha et al, 2006) . Data from animal models of relapse also support the importance of stress in reinstating previously extinguished drug-seeking behavior (see Shaham et al, 2000 for a review) and, in the case of heroin, rats with long (11-h) access exhibit greater levels of stress-induced reinstatement compared to those with short (1-h) access (Ahmed et al, 2000) . Thus, increased and persistent stress reactivity associated with a history of escalated cocaine self-administration suggests that increased sensitivity to stress induced by chronic cocaine may exacerbate the role of stress per se as a risk factor for relapse. Moreover, because stress also induces craving (Fox et al, 2005) , a condition that has been shown to be predictive of shorter time to relapse and increased drug intake during relapse (Sinha et al, 2006) , increased stress reactivity may further exacerbate the likelihood and severity of relapse associated with cocaine craving.
In summary, the present observations support the hypothesis that chronic cocaine use produces a pronounced and enduring exacerbation of stress reactivity that may play a significant role in cocaine addiction, including the maintenance of ongoing self-administration, withdrawal severity, and susceptibility to stress-induced relapse. These findings also illustrate the importance of developing therapeutic interventions aimed at reducing stress as a strategy for reducing relapse risk. Consistent with recent reports showing a reduction in the response-reinstating effects of cocaine (Peters and Kalivas, 2006; Adewale et al, 2006) , drug-associated stimuli (Baptista et al, 2004; Bossert et al, 2004 Bossert et al, , 2006 Zhao et al, 2006) , and stressful stimuli (Zhao et al, 2006) , the present data indicate that mGlu2/3 receptors may be promising treatment targets.
